ABSTRACT
I. INTRODUCTION
In Turkey, the higher demand for electricity is growing rapidly due to the technical, social and economic development. Its electricity demand tends to increase by a rapid average of %7.5 per year. In Turkey, electricity generation came from three main sources: natural gas by %48.17, coal by %28.98, and hydroelectric by %16.77 in 2008 (www.enerji.gov.tr) . Both Figure 1 and differences between two growth rates in Table 1 also show that (i) both the electric power consumption per capita (kWh) and real GDP per capita (constant 2000 US$) are smoothly increasing, but (ii) electricity consumption per capita grows faster than GDP per capita.
On the other hand, energy prices have allegedly been a significant factor especially for the energy importing countries like Turkey. To make a well designing electricity policy, it is very important to ascertain empirically whether there is a long-run causal link between electricity consumption and economic growth and the way of causality. Over the last three decades, the relationship between energy consumption and economic growth has been widely discussed in this literature. Since the seminal work of Kraft and Kraft (1978) , different studies have focused on different countries, time periods, and have used different proxy variables for energy consumption and income, but the direction of the causality relationship has been mixed. The directions and its policy implications of causal relationship between electricity consumption and economic growth have been generally tested by using following four hypothesize within the literature (See Jumbe, 2004) : (i) Growth hypothesis (Causality running from electricity consumption to economic growth): This suggests that electricity consumption plays an important role in economic growth (Altinay and Karagol, 2005; Shiu and Lam, 2004) . (ii) Conservation hypothesis (Causality running from economic growth to electricity consumption): This indicates that a country is not dependent on energy for growth and development and then electricity conservation policies will have little or no effect on economic growth. (Ghosh, 2002) . (iii) Feedback hypothesis (two-way causality between electricity consumption and economic growth): This shows that electricity consumption and economic growth complement each other (Jumbe, 2004; Yoo, 2006) . (iv) Neutrality hypothesis (No causal relationship between electricity consumption and real GDP): This means that neither conservative nor expansive policies in relation to electricity consumption have any effect on economic growth.
The empirical result for energy consumption -economic growth nexus is supported neutrality hypothesis, while there is an evidence of growth hypothesis for electricity consumption -economic growth nexus in the previous studies about Turkey (see Table 2 and  Table 3 ). As it can be seen in these tables, almost all types of causality are found in these studies. In other words, the empirical results of energy-growth and electricity-growth nexus studies for Turkey are mixed and contradictory. These contractionary results are also confirmed in the study of Payne (2010) and Ozturk (2010) . According to Payne (2010) , the results for the specific countries surveyed show that 31.15% supported the neutrality hypothesis; 27.87% the conservation hypothesis; 22.95% the growth hypothesis; and 18.03% the feedback hypothesis. This survey also indicates that the empirical results have yielded mixed results in terms of the four hypotheses (neutrality, conservation, growth, and feedback) and electricity consumption -economic growth nexus is an unresolved issue. In empirical literature on energy consumption -economic growth or electricity consumption -economic growth, it can be seen that most of the studies are using only GDP and energy or electricity consumption variables in their models (See Payne, 2010; Table 1 for details). In other words, bivariate models were used in many of these empirical studies. Thus, we also prefer to apply bivariate model to compare and evaluate our results. To design an appropriate electricity policy, we investigate the long-run and causal relationships between the electricity consumption per capita and real GDP per capita by using recently developed autoregressive distributed lag (hereafter ARDL) bounds testing approach of cointegration by Pesaran and Shin (1999) and Pesaran et al. (2001) , and error-correction based Granger causality models for Turkey. The rest of the paper is organized as follows. The next section presents the methodology and data. The third section reports the empirical results. The last section concludes the paper.
METHODOLOGY AND DATA
Following the empirical literature, the long-run relationship between the real GDP and the electricity consumption may be expressed as:
(1) where GDP and ELC are real GDP per capita (constant 2000 US$) and electric power consumption (kWh per capita), respectively and t ε is the error term. The annual Turkish time series data are taken for 1977-2006 from the World Development Indicators (WDI) online database. All variables are employed with their natural logarithms. The long-run and causal relationships between real GDP per capita and the electricity consumption per capita in Turkey will be performed in two steps. Firstly, we will test the long run relationships among the variables by using the ARDL bounds testing approach of cointegration. Secondly, we test causal relationships by using the error-correction based causality models.
Autoregressive Distributed Lag (ARDL) Cointegration Analysis
The ARDL bounds testing approach of cointegration is developed by Pesaran and Shin (1999) and Pesaran et al. (2001) . Due to the low power and other problems associated with other test methods, the ARDL approach to cointegration has become popular in recent years. The ARDL cointegration approach has numerous advantages in comparison with other cointegration methods such as Engle and Granger (1987) , Johansen (1988) , and Johansen and Juselius (1990) procedures: (i) The ARDL procedure can be applied whether the regressors are I(1) and/or I(0), while Johansen cointegration techniques require that all the variables in the system be of equal order of integration. This means that the ARDL can be applied irrespective of whether underlying regressors are purely I(0), purely I(1) or mutually cointegrated and thus no need for unit root pre-testing. (ii) While the Johansen cointegration techniques require large data samples for validity, the ARDL procedure is statistically more significant approach to determine the cointegration relation in small samples. (iii) The ARDL procedure allows that the variables may have different optimal lags, while it is impossible with conventional cointegration procedures. (iv) The ARDL technique generally provides unbiased estimates of the long-run model and valid t-statistics even when some of the regressors are endogenous (see Harris and Sollis, 2003) . (v) The ARDL procedure employs only a single reduced form equation, while the conventional cointegration procedures estimate the long-run relationships within a context of system equations.
The ARDL model for the standard log-linear functional specification of long-run relationship between electricity consumption and real GDP may follows as:
where 1t ε and Δ are the white noise term and the first difference operator, respectively. If there is evidence between long-run relationships (cointegration) of the variables, the following long-run and short-run models that are employed: 
where ψ is the coefficient of error correction term (hereafter ECT). It shows how quickly variables converge to equilibrium and it should have a statistically significant coefficient with a negative sign.
Causality Analysis
ARDL cointegration method tests whether the existence or absence of long-run relationships between the electricity consumption per capita and the real GDP per capita. It doesn't indicate the direction of causality. We use the two-step procedure from the Engle and Granger (1987) model to examine the causal relationship between the electricity consumption per capita and real GDP per capita. Once estimating the long-run model in Equation (3) in order to obtain the estimated residuals, the next step is to estimate error-correction based Granger causality models. As opposed to the conventional Granger causality method, the error-correction based causality test allows for the inclusion of the lagged error-correction term derived from the cointegration equation (See Narayan and Smyth, 2008; and Odhiambo, 2007, 2009 (Lee and Chang, 2008) .
EMPIRICAL RESULTS
According to Pesaran and Shin (1999) , the SBC is generally used in preference to other criteria because it tends to define more parsimonious specifications. With the limited observations, this study used the SIC to select an appropriate lag for the ARDL model. Table  4 presents the estimated ARDL (1,1) model that has passed several diagnostic tests that indicate no evidence of serial correlation and heteroscedasticity. Besides this, the ADF unit root test for the residuals revealed that they are stationary.
In addition, due to the structural changes in the Turkish economy it is likely that macroeconomic series may be subject to one or multiple structural breaks. In addition, . For this purpose, the stability of the short-run and long-run coefficients is checked through the cumulative sum (CUSUM) and cumulative sum of squares (CUSUMSQ) tests proposed by Brown et al. (1975) . Unlike Chow test, requires break point(s) to be specified, the CUSUM and CUSUMQ tests are quite general tests for structural change in that they do not require a prior determination of where the structural break takes place. Figure 2 presents the plot of CUSUM and CUSUMSQ test statistics that fall inside the critical bounds of 5% significance. This implies that the estimated parameters are stable over the period of 1977-2006.
The bounds F-test for cointegration test yields evidence of a long-run relationship between electricity consumption per capita and real GDP per capita at 5% significance level in Turkey. The estimated log-linear long-run coefficient of the electricity consumption per capita is about 0.40 and positive. This coefficient implies the elasticity of electricity consumption and an increase in electricity consumption per capita will raise the real GDP per capita at the 40%. The estimated ECT is also negative (-0.405) and statistically significant at 1% confidence level. ECT indicates that any deviation from the long-run equilibrium of between variables is corrected about 41% for each period and takes about 2.5 periods to return the long-run equilibrium level. This study also explores causal relationship between the variables in terms of the three error-correction based Granger causality models. The overall results show that there is unidirectional causality running from the electricity consumption to economic growth in the long-run (see Table 5 ). This indicates that energy conservation policies, such as rationing electricity consumption, are likely to have an adverse effect on the real output growth of Turkey. Therefore, the energy growth policies regarding electricity consumption should be adapted in such a way that the development of this sector stimulates economic growth. Table 5 Granger causality test results 
The Null Hypotheses

CONCLUDING REMARKS
The empirical result for energy-growth nexus is supported neutrality hypothesis, while there is an evidence of growth hypothesis for electricity consumption-growth nexus in the previous studies for Turkey. Since the question of whether electricity consumption causes economic growth or economic growth causes electricity consumption still is an unresolved issue, this paper may be considered as a complementary study to the previous studies for Turkey.
This paper explores the long-run and causal relationship issues between electricity consumption and economic growth in Turkey by using the ARDL cointegration test and Granger causality models. It employs annual data covering the period 1977-2006. The ARDL cointegration test yields evidence of a long-run relationship between electricity consumption per capita and real GDP per capita at 5% significance level. According to results from three kinds of Granger causality, the electricity consumption per capita causes real GDP per capita only in the long-run. But, there is no causal evidence from the real GDP per capita to electricity consumption per capita. In other words, "Growth hypothesis" is confirmed in Turkey. This suggests that electricity consumption plays an important role in economic growth and high electricity consumption tends to have high economic growth in the long-run, but not the reverse. Therefore, energy conservation policies, such as rationing electricity consumption, may harm economic growth in Turkey in the long-run. In addition, any electricity consumption infrastructure shortage is likely to restrain the economic growth in Turkey. In order to avoid any adverse effect of electricity shortages on economy, the Ministry of Energy and Natural Resources of Turkey should continue to explore new resources and expand the electricity supply via hydroelectric power plants, thermal power plants and wind power plants to satisfy total demand for electricity. As a strategy toward higher long-run economic growth, Turkey should try to invest more on electricity supply infrastructure. 
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